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5. Jacobs, J., Weidemann, C.T., Miller, J.F., Solway, A., Burke, J.F., Wei, X.-X., Suthana, N., Sperling, M.R., Sharan, A.D., Fried, I., et al. [4] suggests that some common fairy tales can indeed be traced back to the origin of the Indo-European language family [5] [6] [7] [8] [9] , perhaps as far as 7,000 years ago. The Indo-European language family is a collection of related languages that probably arose in Anatolia [7] [8] [9] and is now spoken all over western Eurasia. Its modern descendants include the Celtic, Germanic and Italic or Romance languages of western Europe, the Slavic languages of Russia and much of the Balkans, and the Indo-Iranian languages including Persian, as well as Sanskrit and most of the languages of the Indian sub-continent.
To trace the ancestry of fairy tales within this family, da Silva and Tehrani [4] had to overcome two problems that bedevil attempts to study the history of cultural traditions. One is that fairy tales are not only transmitted 'vertically' or down the generations but can also be copied among contemporary populations. In the extreme, a fairy tale could be present among a group of contemporary cultures not as a result of a deep and shared ancestry, but because of this 'horizontal' transmission. The second is that fairy tales, like many oral traditions, have only been written down in comparatively recent times, meaning that 'fossil' records more than a few hundred years old are often difficult to come by.
The authors tackled both of these problems using computational and statistical methods originally developed by evolutionary biologists to infer family trees or phylogenies, and to reconstruct the features of ancient species using information solely from contemporary specimens [10] . Phylogenies are a mainstay of biological research, recording the patterns of descent and splitting or 'speciation' events leading from a past common ancestor to a set of contemporary populations. They are typically inferred from similarities and differences among gene sequences.
Da Silva and Tehrani [4] turned not to genes but to recent published phylogenies of the Indo-European languages derived from applying the evolutionary methods to vocabulary data [7, 8] . Language evolves faster than genes and language is predominantly vertically transmitted. Similarities and differences among vocabulary items, then, play the same role for cultural phylogenies as genes do for species trees, and provide greater resolution over short timescales. The Indo-European language tree is one of the most carefully studied of these language phylogenies (Figure 1) .
With a phylogenetic tree in hand, the authors then recorded the presence or absence of each of 275 fairy tales in fifty Indo-European languages, using the Aarne Thompson Uther (ATU) catalogue of 'international tale types' [11] . The ATU indexes over 2,000 fairy tales distributed among more than 200 societies. Da Silva and Tehrani chose to focus on the ATU sub-category of 'tales of magic', because it contains some of the most culturally widespread and best-known tales, including Hä nsel and Gretel and Beauty and the Beast.
Of the 275 tales, the authors discarded 199 after performing two tests of horizontal transmission. One sought evidence that the tale cropped up in societies whose ancestors were unlikely to have had the tale, the other highlighted tales whose presence in a society was predictable from its geographical proximity to other cultures with that tale. This left a group of 76 tales for which vertical transmission over the course of Indo-European history was the dominant signal for the patterns of shared presence and absence among contemporary societies. Hä nsel and Gretel didn't make this cut, but Beauty and the Beast did.
Evolutionary statistical methods were then applied to calculate a probability that each of the tales was present at each of various major historical splitting points on the Indo-European language phylogeny, taking account of uncertainty both in the phylogeny and in the reconstructed state [12] . Calculating the ancestral probabilities depends only upon the distribution of tales in the contemporary languages in combination with the phylogenetic tree and so neatly gets around the problem that few if any tales exist as 'fossil' texts.
Fourteen of the 76 tales, including Beauty and the Beast, were assigned a 50% or greater chance of having beeñ 7,600 yã 6,800 ya Present I n d o -I r a n ia n S la v ic G e r m a n ic C e lt ic R o m a n c e A n a t o li a n Proto-Italo-Celtic Simplified phylogeny of the Indo-European language family, after [9] , showing major ancestral splitting points of the Indo-European tree. Triangles at the tips of the tree denote contemporary languages. The Anatolian languages have been used as the outgroup to the Indo-European family. Suggested times are taken from [9] , timeline is not drawn to scale.
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Current Biology Dispatches present in the common ancestor of the entire western branch of the IndoEuropean languages. This group includes all of the Celtic, Romance, Germanic and Slavic languages (Figure 1) , and might have originated between around 6,800 years ago [9] .
A further four of the fourteen talesbut not Beauty and the Beast -had a 50% or greater probability of being present at the root of the Indo-European tree. A proto-Indo-European origin for these four tales represents a probable age of over 7,000 years. The tale with the highest probability (87%) of being present at the root was The Smith and the Devil whose story of a smith selling his soul to the devil is echoed today in the modern story of Faust. The authors suggest that metal working technology -as implied by the presence of a smith -could have been available this long ago.
Statistical insiders might cavil somewhat at these results, because under the strict criteria of Bayesian inference (the class of techniques the authors used) even a confidence of 87% only qualifies as 'positive' support for a hypothesis, whereas stronger results can attract heightened adjectives such as 'decisive'. Still, the authors' results catch our attention because they stray so far from our prior beliefs about the likelihood that fairy tales could be this old: at least some of the canon of European fairy tales might trace their origins back to an arcadian time thousands of years before Homer, Christianity or European nation states, when metallurgy was still in its developing stages, and farming was still a relatively new way of life.
To survive, these fairy tales had to be told over and over, with enough fidelity of transmission to be recognisable millennia later. That they did might be surprising but fits in with a growing appreciation that some elements of language can show remarkable longevity. Earlier studies applying similar evolutionary computational methods to those da Silva and Tehrani used have revealed words that change slowly enough that they retain traces of their ancestry for periods of 10,000 years or more [13, 14] .
Of course, fairy tales have the advantage of being tales: they are stories and as such they have context in the form of meaning that guides their telling and retelling. It isn't even necessary for a tale to retain its original lexical form, it need only retain its meaning and this grants tales a longevity that is governed more by their relevance, salience and vividness than their exact words -indeed, most of the tales in this study are told in many languages.
Fairy tales, might even -along with representational art, vivid mental imagery, songs and poems -exist at least in part because they exploit aspects of human cognition that improve the transmission of information [15] . We remember stories better than strings of words, and music can powerfully enhance memory. Australian Aborigines famously sing their songlines, which tell origin-tales, relating a tribe's cosmology to aspects of the landscape. Homer's Iliad and Odyssey are written in verse and presumed also to have been sung.
The importance of high-fidelity forms of information transmission is easy to underestimate in our age of writing and digital communication, but for early hunter-gatherers the ability to remember long strings of information could have made the difference between life and death. Indeed, early forms of Australian Aboriginal art scratched into the earth might have acted like medieval fingerposts, pointing out correct routes through a territory [16] .
Considering all these notions might lead us to ask why not more of the fairy tales appeared right back at the Indo-European root, or perhaps to wonder if some could go back even further. Perhaps some do. Flood myths appear in many of the world's cultures, with some speculation that they date to the end of the last Ice Age perhaps 15,000 to 20,000 years ago when sea levels rose dramatically -if true, the western Bible story of Noah is just a comparatively recent hand-me-down.
